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Introduction: There are two widely used scoring systems for knee magnetic resonance imaging (MRI) in
osteoarthritis (OA) and the strengths and weaknesses of each system in terms of ease of use and asso-
ciation with known risk factors and outcomes are unknown.
Objective: To compare Whole Organ Magnetic Resonance Imaging Score (WORMS) and Boston Leeds
Osteoarthritis Knee Score (BLOKS) scales using longitudinal MRI and X-ray data.
Methods: In the Osteoarthritis Initiative (OAI), knee radiographs, long limb ﬁlms for alignment and MRI’s
were acquired in the interval from 0 to 24 months follow-up. OAI MRI’s from baseline and 24 months
were read separately using BLOKS and WORMS scales. X-rays were scored semiquantitatively for joint
space loss and long limb ﬁlms were measured for alignment angle. We evaluated which of the WORMS
or BLOKS cartilage loss scores best correlated with joint space loss on the X-ray and which was best
predicted by varus malalignment on long limb ﬁlm. To examine the validity of bone marrow lesion (BML)
and meniscal scales, we tested which of WORMS or BLOKS baseline scores for BML or meniscus best
predicted cartilage loss from baseline to 24 months. We critically evaluated strengths and weaknesses of
each scoring system also.
Results: Of 113 knees read longitudinally, 33 showed any cartilage loss using BLOKS and 30 using WORMS
with high agreement between the scales. In the medial compartment, both BLOKS and WORMS picked
up only 42% of the knees with X-ray joint space loss with similar speciﬁcity (88 vs 86%). Varus knees
were more likely to be a risk factor for medial cartilage loss in BLOKS [adj odds ratio (OR) 5.9 (95%
conﬁdence intervals (CIs) 1.5, 24.0)] than in WORMS [adj OR 2.1 (95% CI 0.7, 6.3)]. WORMS BML scores
predicted cartilage loss more strongly than any BLOKS BML variables and some BLOKS BML measures did
not affect risk of cartilage loss at all. However, across the range of scores, meniscal tear scores in BLOKS
predicted cartilage loss better for each abnormality than did WORMS meniscal tear scores and the
meniscal signal abnormality scored in BLOKS but not in WORMS, predicted cartilage loss. BLOKS took
longer and was more difﬁcult to score longitudinally especially for BML scores.
Conclusion: In a comparison of instruments limited by small numbers of knees compared, BLOKS
meniscal score was preferable toWORMS meniscal scale in predicting cartilage loss most likely because it
includes potentially important pathology missed by WORMS. On the other hand, BML scoring in WORMS
was preferable in that it better predicted later cartilage loss, was easier to score and did not include
potentially extraneous measures. Neither method was deﬁnitively better for cartilage scoring.
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The Osteoarthritis Initiative (OAI) and other longitudinal studies
pose a great challenge for the semi-quantitative reading of magnetic
resonance imagings (MRIs). While extant semi-quantitative systems
were developed to assess MRI’s at one time point, in OAI knee MRIs
were acquired repeatedly to track disease progression. Currently,ublished by Elsevier Ltd. All rights reserved.
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lesions (BMLs) and meniscal tears are evaluated using semi-quan-
titative readings, and there are a number of scales using different
approaches that have been proposed to read these. Further, semi-
quantitative reading of cartilage is widely used. Thus, for at least
hyaline cartilage, meniscal features and BMLs, choosing among
different proposed semi-quantitative approaches is necessary.
To arrive at an optimal semiquantitativeMRI scoring approach for
longitudinal studies such as OAI, we compared two recently
proposed andwidely used instruments for readingMRIs of the knee,
Boston Leeds Osteoarthritis Knee Score (BLOKS)1 and Whole Organ
Magnetic Resonance Imaging Score (WORMS)2. The ﬁrst paper
described how these two scoring systems differ in assessing cartilage
loss, meniscal damage and BMLs and reported on agreement
between BLOKS and WORMS for these scales3. In the current paper,
using evidence on predictive validity and feedback from the
musculoskeletal (MSK) radiologists who performed the comparative
exercise, our goal was to choose the best scoring system for each
feature. For example, if meniscal scoring in BLOKSwas superior in its
predictive ability and comprehensiveness to that of WORMS, we
would choose the meniscal approach to scoring for BLOKS but not
necessarily choose BLOKS for other features. The choice for other
features would depend similarly on how it performed compared to
WORMS. We did not necessarily intend to choose the best overall
instrument.
To make these selections, we carried out longitudinal readings
of 115MRI’s fromOAI at two time points and asked two expert MSK
radiologists experienced in using both methods to read the MRI’s
using BLOKS and WORMS. Using these data, we addressed the
predictive validity and feasibility of WORMS and BLOKS longitu-
dinal readings. Lastly, we evaluated each of these scoring systems
by feasibility concerning ease of use, time effectiveness and
whether there was any awkwardness both in the cross-sectional or
longitudinal scoring using these systems.Methods
Selection of knees for the study
The selection of knees read in this study is described in the part I
paper by Lynch et al.3 To brieﬂy summarize, we selected knees from
OAI knees that had baseline and 24-month-MRIs and with
a heightened risk of cartilage loss based on knee risk factors for loss.
One knee per person was selected. 115 Knees studied had baseline
Kellgren and Lawrence (K&L) grade of 2e3 with Osteoarthritis
Research Society International (OARSI) grade 1 or 2 joint space
narrowing from an OAI central reading or osteophytes and joint
space narrowing (JSN) from the OAI clinic reading. Plus they had
one ormore of the following: progression of JSN from baseline to 12
months, varus or valgus malalignment by 2 degrees from a full
limb radiograph or a large baseline BML.MRI readings
The protocol for reading MRI’s is detailed in the part I paper by
Lynch et al.3 Brieﬂy, two experienced MSK radiologists (AG, FWR)
read the MRIs from each knee paired and blinded both to order and
to subjects’ clinical characteristics. Readers were not blinded to
copathology on the MRI’s. Each pair of knee MRIs was scored by the
same reader using both WORMS and BLOKS in separate reading
sessions separated by at least 2 weeks.
For assessing change between time points in cartilage lesions
and BMLs using WORMS, readers scored changes of a full grade.Knee radiograph assessments
X-ray joint space loss was determined semiquantitatively (see
Ref.4) using within grade changes from serial posteroanterior (PA)
ﬁxed-ﬂexion ﬁlms that were read blinded to sequence by each of
two experienced readers. If there was disagreement about joint
space loss, the reading was adjudicated by a panel of three readers.
Using full limb ﬁlms obtained at the 12-month-examination, we
measured HipeKneeeAnkle angle (also known as HKA or
mechanical axis) and relied on commonly used cutpoints to char-
acterize limbs as varus, valgus or neutral5.
Analysis plan
We compared scales fromWORMS and BLOKS for their predictive
validity e for WORMS and BLOKS cartilage scores, this constituted
the relation of change in cartilage score with joint space loss on PA
X-ray in the same compartment. For concurrent JSN progression we
used data on baseline to 24-month changes, if available, and if not,
we used baseline to 12-month changes (OAI knee X-ray semi-
quantitative reading data set versions 0.2, 1.2 and 2.2).
We recognize that MRI is more sensitive to cartilage loss than
X-ray joint space loss6, but joint space loss provided an indepen-
dent surrogate measure of cartilage loss and the association of
BLOKS and WORMS MRI-deﬁned cartilage loss with X-ray joint
space loss provided one means to compare BLOKS andWORMS. For
BLOKS, we classiﬁed a compartment or knee as showing cartilage
loss if there was an increase in the extent of either partial or full
thickness loss. For WORMS, we classiﬁed any increase in grade as
indicating cartilage loss. We focused on medial compartment
cartilage loss and varus malalignment vs neutral/valgus because of
the small number of limbs in the valgus category.
For BMLs and meniscal lesions, we compared baseline BLOKS
and WORMS scales on their ability to predict subsequent cartilage
loss using either BLOKS or WORMS cartilage score changes. We
primarily used the ORs to quantify the associations with cartilage
loss and used a compartment speciﬁc approach e testing bone
marrow and meniscal lesions for their relation to cartilage loss in
the same compartment. Since analyses in previous studies7,8 have
suggested that the largest BML has a similar or slightly greater
effect on cartilage loss than the sum of lesion scores in a knee or
compartment, we focused on the largest lesions.
Statistical analysis
We used sensitivity and speciﬁcity to describe the agreement of
cartilage losswith X-ray joint space loss longitudinally and calculated
exact 95% CIs based on binomial probabilities. To compute ORs to
evaluate the relation ofmalalignmentwith cartilage loss and of BMLs
and meniscal pathology with cartilage loss, we used logistic regres-
sion with cartilage loss as the dependent variable. Multivariable
models included adjustment for age, sex and bodymass index (BMI).
Results
Of the knees in the longitudinal reading study, 52% were drawn
frommale subjects and 54% of the subjects had BMI30. The knees
often had lesions of interest at baseline: 85% had some degree of
meniscal damage (by WORMS or BLOKS); 97% had at least a small
BML and 99% had a cartilage lesion (WORMS grade 2) in at least
one compartment.
Of the 113 kneeswhich had readableMRI’s for cartilage loss using
both WORMS and BLOKS scales, 100 knees showed agreement
between themethods on cartilage loss in thewhole knee (see Table I).
In fact, examining by compartment, the agreement was similar
Table I
Cartilage loss in knees by BLOKS vs WORMS
WORMS Whole grade BLOKS lesion extent or full thickness Total
Frequency percent No change/improve Worsening
No change/improve 75
66.37
8
7.08
83
73.45
Worsening 5
4.42
25
22.12
30
26.55
Total 80
70.80
33
29.20
113
100.00
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BLOKS but no loss on WORMS and 5 compartments showed the
opposite. It should be noted that four medial compartments at
baseline had BLOKS scores at the ceiling (two of these were eligible
for medial joint space loss on longitudinal X-ray), whereas none of
the WORMS scores had scores at the top of the scale.
We focusedﬁrst on the agreement between cartilage loss assessed
on MRI and joint space loss assessed on the X-ray (see Table II). We
found that therewas a similar poor sensitivity forWORMSandBLOKS
cartilage loss but better speciﬁcity for both instruments.
However, when we looked at malalignment in the limb and
whether that predicted cartilage loss on the MRI (see Table III) we
found that varus malalignment was a stronger predictor based on
OR evidence using the BLOKS thanWORMS cartilage loss scales. For
example, varus knees had only an increased adjusted odds of
cartilage loss of 2.1 using the WORMS scale but using the BLOKS
cartilage scale it rose to 5.9, substantially higher. The primary
differencewas in the proportion of neutral/varus knees that showed
worsening, eight with WORMS and four with BLOKS.
Next, we focused on the BML scales of BLOKS and WORMS and
compared them with respect to their association with WORMS
deﬁned cartilage loss onMRI (see Table IV). TheWORMS BML score,
which focuses on the volume of the BMLs was a more powerful
predictor of cartilage loss thanwere any elements of the BLOKS BML
scale. WORMS BML score was also a more powerful predictor of
BLOKS cartilage loss score (Table IV). Although numbers were small,
there was little evidence for a relation of adjacency of BML (the
proportion of the BML adjacent to the subchondral plate) with
subsequent cartilage loss (highest score for cartilage loss was 0.3 for
the adjusted OR). Other ways of assessing BMLs using the BLOKS
scale also did not work as well to predict cartilage loss as did the
WORMS BML scale.
Next we looked at the meniscal scales for WORMS vs BLOKS. In
this case, we examined compartment speciﬁc cartilage loss as anTable II
The association of cartilage scoring by WORMS and BLOKS with X-ray joint space loss
MRI score X-ray joint space lossz
Medial TF compartment*
None/improvement,
# (%)
Worsening,
# (%)
Sensitiv
(95%
WORMS cartilage
loss
None or
improvement
70 15 (11/26)
42%
(23%, 6Worsening 11 11
BLOKSy cartilage loss
(lesion extent or
full thickness)
None or
improvement
71 15 (11/26)
42%
(23%, 6Worsening 10 11
Note: 113 knees with 0e24 M MRI reading and 0e24 M (50 knees)/0e12 M (63 knees)
JSN was scored as 0, 1,1.5, 2, 2.5, and 3 in the 0e12 M X-ray reading, and as 0, 1, 1.3, 2, 2
worsening if it had any increase of JSN score during follow-up. (as per Ref.4).
* Six knees had medial tibiofemoral (TF) joint space narrowing at maximal score at ba
y Two knees had BLOKS cartilage ceiling score in the medial TF compartment at baselin
One knee had BLOKS cartilage ceiling score in the lateral TF compartment at baseline, an
z For joint space loss on X-ray, both full and ½ grade loss were included (see Ref.4).effect of the maximal meniscal lesion in the same compartment.
Although we collapsed (see Table V) different scores on the scales,
the individual scores did not show results different from the table.
The WORMS maximal meniscal tear score showed a signiﬁcant
association using the adjusted OR of 3.9 for minor tears and 2.2 for
displaced tears or maceration. However, in the BLOKS scale, the
associations were considerably stronger using the OR as the metric.
For example, signal abnormalities which are not scored in the
WORMS scale at all showed a high OR for cartilage loss, a ﬁnding
whichwould have beenmissed entirely had theWORMS scale been
used. The absolute risk of cartilage loss among categories with
meniscal tears appears similar for BLOKS and WORMS scores,
suggesting that the main difference between the scales is the
inclusion in BLOKS of information on signal abnormalities. In terms
of meniscal extrusion, WORMS and BLOKS scores which are similar
in their approach to scoring extrusion yielded similar ORs for their
association with cartilage loss.
We asked the two readers to identify challenges in using each of
the instruments when reading longitudinally. Readers noted that
the BLOKS scoring was considerably more time consuming esti-
mating that for reading one knee over two visits, BLOKS reading
takes 120 min vs only 80 min for WORMS. Readers opined that the
meniscal scales of BLOKS made more sense in terms of differenti-
ating between clinically different types of meniscal tears with
different scores, whereas the WORMS scale did not do this.
However, it was felt that the BLOKS BML scales would be hard to
use longitudinally as each BML had to be scored for its size which
was confusing if BMLsmerged or separated in follow-up, a common
event. The WORMS approach to this problem was to simply
summarize the amount of the region that is encompassed by BMLs.
This is easier to score longitudinally and even cross-sectionally than
the BLOKS approach.Discussion
Using a sample of knees inwhich both BLOKS andWORMS scales
were scored separately by the same readers, we have compared the
validity of BLOKS and WORMS scales and found modest differences
between the scales in terms of their performance. The clear cut
differences were that theWORMS BML scoring which is based solely
on the size or volume of all BMLs in a given subregion had consistent
superiority over BLOKS approach to BML scoring. First, WORMS BML
scores predicted cartilage loss better than the size variable in the
BLOKS scale. Further, the BLOKS scale for BML’s includes measures
such as adjacency and cyst percentage which were tedious to scoreLateral TF compartment
ity
CI)
Speciﬁcity
(95% CI)
None/improvement,
# (%)
Worsening,
# (%)
Sensitivity
(95% CI)
Speciﬁcity
(95% CI)
3%)
(70/81)
86%
(77%, 93%)
103 3 (3/6)
50%
(12%, 88%)
(103/107)
96%
(91%, 99%)4 3
3%)
(71/81)
88%
(78%, 94%)
97 3 (3/6)
50%
(12%, 88%)
(97/107)
91%
(83%, 95%)10 3
X-ray reading were used in the analysis.
.3, 2.6, 2.9, and 3 in the 0e24 M X-ray reading. A knee was considered as having JSN
seline (score of 3), and were excluded.
e, and was considered as BLOKS cartilage loss missing in the medial TF compartment.
d was considered as BLOKS cartilage loss missing in the lateral TF compartment.
Table III
Malalignment and its relation to cartilage loss by BLOKS and WORMS*
Malalignment # Knees # (%) Cartilage loss in
medial TF compartment
OR (95% CI), crude OR (95% CI), adjusting
for age, sex, BMI
WORMS cartilage loss Neutral/valgus 41 8 (19.5) 1.0 1.0
Varus 63 13 (20.6) 1.2 (0.5, 3.4) 2.1 (0.7, 6.3)
BLOKS cartilage loss Neutral/valgus 41 4 (9.8) 1.0 1.0
Varus 63 15 (23.8) 3.1 (0.9, 10.2) 5.9 (1.5, 24.0)
Varus was deﬁned as 2 degrees varus.
* Of the 104 knees in this analysis, 101 knees had 12 month full limb ﬁlms for HKA determination, 3 knees had 24 month full limb ﬁlms.
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cartilage loss. Scoring the change in size of individual BMLs was
especially challenging when, as often occurred, BML’s split or
merged in follow-up images, a problem not encountered in WORMS
scoring. It has to be noted that cyst assessment usingWORMSwhich
is separate from the BML score was not part of this analysis.
The other main ﬁnding was that the meniscal scoring of BLOKS
appeared consistently superior to that of WORMS in several ways.
First the inclusion of signal abnormality which is scored on the
BLOKS scale but does not have an equivalent score in WORMS
predicted cartilage loss based on the small amount of data we
collected. This ﬁnding would bemissed andmanymenisci with this
abnormality would be characterized as completely normal if the
WORMS scale for meniscal scoring was used. Meniscal scores in
BLOKS predicted cartilage loss better than WORMS scores. Also,
speciﬁc types of tears were differentiated in BLOKS and not in
WORMS. A deﬁciency of the BLOKS meniscal scale is that it does not
differentiate between partial and full maceration (or partial vs full
meniscal loss). Also, BLOKS deﬁnes subregions for cartilage and
BMLs scores that are not concordant with the location of meniscal
damage, making it difﬁcult to match a particular meniscal lesion
geographically with a lesion in cartilage or bone. This latter deﬁ-
ciency can be rectiﬁed by using the WORMS regions to score
cartilage and bone and the former can be solved by adding a partial
maceration/meniscal loss to the BLOKS meniscal scale.
We should note that our comparisons are based on small
numbers. For malalignment and cartilage loss (where we suggested
that BLOKS had an edge), a change in reading of four knees (of over
100) would have negated our ﬁndings. A similar small differenceTable IV
BML scores in WORMS and BLOKS and their relation to subsequent cartilage loss in the
Max BML
Score
#
(a) Cartilage loss in WORMS
WORMS BML (maximal score of all BMLs) 0e1*
2e3
BLOKS BML (maximum of summary BML
score in each subregion)
Adjacency 0
1
2e3
Percent 0
2e3 1
Size 0e1*
2e3
(b) Cartilage loss in BLOKS
WORMS BML (maximal score of all BML’s) 0e1
2e3
BLOKS BML (maximum of summed BML
score in each subregion)
Adjacency 0
1
2e3
Percent 0
2e3 1
Size 0e1
2e3
* 0 and 1 combined as there were no cases in the 0 stratum for either BLOKS or WORwas seen for BML’s and cartilage loss where we suggested that
WORMS was preferable to BLOKS. Since BLOKS and WORMS yield
very similar readings (see part I paper) and even though we read
over 100 knees, it is clear that a major differentiation of BLOKS and
WORMS would probably require reading 500 knees using the same
approach as ours, an effort that would be highly expensive and time
consuming. We note that we combined the data analysis with
reader insights which may be as valuable as the analysis.
One other study has compared BLOKS andWORMS BML scoring4
and reported that BLOKS BML size score correlated better with pain
than did WORMS BML score. However, that study measured
WORMS on nonfat suppressed sagittal MRI’s and BLOKS on fat
suppressed coronalMRI’s fromthe same studyBostonOsteoarthritis
Knee Study (BOKS) which may have invalidated the comparison.
It is less clear which of the two scales is preferable for scoring
cartilage loss. On the one hand, the BLOKS scale clearly performed
better in terms of detecting effects of malalignment. On the other
hand, the WORMS cartilage scale was slightly superior in agreeing
with joint space loss. We note that the WORMS scale for cartilage
scoring clearly is not a linear scale. For example, going from 2 to 3 on
the WORMS scale (we did not use 1 as it does not denote a loss in
cartilage substance) is not at all the sameasgoing from5 to6whereas
BLOKS scores are in more of a linear format. When we looked at
cartilage loss as a consequence of meniscal lesions (Table V) or BML
(Table IV), we found that theWORMS scale better detected the effects
of these risk factors, one piece of evidence that WORMS, at least for
cartilage loss, performed better than BLOKS.
We used X-ray joint space loss as the standard against which to
assess MRI cartilage loss mostly because this was the standard forsame knee compartment in WORMS and BLOKS
Knees # (%) Cartilage loss
in WORMS
OR (95% CI),
crude
OR (95% CI),
adjusting for age,
sex, BMI
27 2 (7.4) 1.0 (ref) 1.0 (ref)
85 27 (31.8) 5.8 (1.3, 26.4) 5.5 (1.2, 25.4)
4 1 (25.0) 1.0 (ref) 1.0 (ref)
16 2 (12.5) 0.4 (0.0, 6.4) 0.4 (0.0, 6.8)
92 26 (28.3) 1.2 (0.1, 11.9) 1.0 (0.1, 11.3)
5 1 (20.0) 1.0 (ref) 1.0 (ref)
07 28 (26.2) 1.4 (0.2, 13.2) 1.4 (0.1, 14.1)
19 3 (15.8) 1.0 (ref) 1.0 (ref)
93 26 (28.0) 3.1 (0.6, 7.7) 1.9 (0.5,7.2)
27 6 (16.7) 1.0 (ref) 1.0 (ref)
85 26 (30.6) 1.5 (0.6, 4.3) 1.6 (0.6, 4.5)
4 2 (50) 1.0 (ref) 1.0 (ref)
17 5 (29.4) 0.4 (0.0, 3.8) 0.3 (0.0, 3.0)
91 25 (27.5) 0.4 (0.1, 2.8) 0.3 (0.0, 2.2)
5 2 (40) 1.0 (ref) 1.0 (ref)
07 3 (28) 0.6 (0.1, 3.7) 0.5 (0.1, 3.4)
19 6 (31.6) 1.0 (ref) 1.0 (ref)
93 26 (28.0) 0.8 (0.3, 2.4) 0.7 (0.2, 2.2)
MS.
Table V
Meniscal scores in WORMS and BLOKS and subsequent compartment speciﬁc cartilage loss in WORMS*
# Compartment # (%) Cartilage loss
in WORMS
OR (95% CI),
crude
OR (95% CI),
adjusting for age,
sex, BMI
WORMS maximal meniscal tear 0: Intact 120 8 (6.7) 1.0 1.0
1e2: Minor radial tear, parrot-beak tear,
non-displaced tear, or prior surgical repair
27 5 (18.5) 3.6 (1.0, 12.2) 3.9 (1.1, 14.0)
3e4: Displaced tear, partial resection,
complete maceration/destruction/resection
83 10 (12.0) 2.2 (1.0, 4.9) 2.2 (1.0, 5.0)
BLOKS maximal meniscal tear 0: Normal 81 2 (2.5) 1.0 1.0
1: Signal abnormality 30 4 (13.3) 5.3 (0.9, 30.7) 5.9 (1.1, 31.6)
2e5: Horizontal/Vertical/Complex/Root tear 36 7 (19.4) 11.2 (2.3, 53.8) 12.1 (2.7, 54.6)
6: Maceration 82 10 (12.2) 5.8 (1.4, 23.6) 6.2 (1.7, 22.2)
WORMS maximal meniscal
extrusion
0: None 86 4 (4.7) 1.0 1.0
1e2: Extruded 140 19 (13.6) 4.1 (1.5, 11.6) 3.7 (1.3, 10.5)
BLOKS maximal meniscal
extrusion
0: None 80 3 (3.8) 1.0 1.0
1e3: Extruded 150 20 (13.3) 4.4 (1.2, 16.6) 4.2 (1.1, 15.3)
The number of compartments varied due to missing value in meniscal scores and cartilage loss.
* The medial and lateral compartments from 115 knees with MRI reading were used. Maximal meniscal scores in each compartment were used as exposure and cartilage
loss in the corresponding compartment was used as outcome. Generated estimated equations (GEE) was used to control the correlation between two compartments within
a knee.
D.T. Felson et al. / Osteoarthritis and Cartilage 18 (2010) 1402e14071406progression that was available to us. Since X-rays are insensitive to
cartilage loss relative to MRI and JSN may reﬂect other factors
besides cartilage loss, it could be argued that this was a poor
choice6. The poor sensitivity of cartilage loss scales, however,
probably does not speak to the insensitivity of MRI in detecting
cartilage loss, but rather reﬂects issues in the assessment of
progressive joint space narrowing using X-rays. Changes in knee
positioning relative to the central ray of the X-ray beam between
serial radiographs can cause changes in the appearance of the joint
space such that even with adjudication, ﬁlms adjudicated as
showing joint space loss, may not have such loss. This has been
shown recently for joint space width assessed on serial knee
radiographs from OAI that, despite using standardized positioning
techniques, had inconsistent positioning over time9. Further, it has
been shown that joint space loss can be due to meniscal change,
such as extrusion and not cartilage loss10,11. In addition, X-rays
acquired under weight bearing conditions and MRI acquired in the
supine, non-weight bearing position may give different results in
terms of loss over time. Since MRI is more sensitive to cartilage loss
than X-ray, the imperfect speciﬁcity of MRI may not represent false
positives but rather true positives missed by the X-ray measure.
Finally, even though the JSN is an imperfect standard against which
to compare MRI, the performance of BLOKS and WORMS cartilage
scores was assessed in relation to the same JSN measures.
One important limitation of our study was the absence of
quantitative longitudinal data on cartilage loss, data derived from
segmenting cartilage and reporting on its thickness and volume.
(Currently, quantitative measures of BMLs and meniscal damage
are not widely available.) There is controversy as to whether
quantitative cartilage measures provide superior information to
semiquantitative data, especially in early or mild OA9,10,12. but it
was not within the capability of this study to examine this question.
We selected knees likely to progress in this study and as
a consequence most of these knees had meniscal pathology and
BMLs. Effective comparisons between WORMS and BLOKS might
have been easier if there was more variability in knee ﬁndings.
The wide range of moderate-sized areas of cartilage loss (e.g.,
BLOKS: 10e75%) of these frequently used categories may limit the
sensitivity of both methods to detect longitudinal change, especially
for BLOKS which has much larger tibiofemoral subregions than
WORMS. This is also true for BML scores where the grade 2 scores
have even larger ranges. To increase sensitivity for scoring progres-
sion in longitudinal studies, allowing for “within-grade” changes or
using categories with a smaller range of affected area may be useful.In summary, we recommend an amalgamated MRI reading
system for OAI, a scoring system with elements from WORMS and
BLOKS. For menisci, it is our view that the BLOKS system is superior
and for BML’s thatWORMS is better.We recommend further that the
WORMS regions be used to facilitate investigations into whether
certain lesions are in the same small regions as other lesions. For
cartilage scoring, the two systems produced comparable results and
the use of one or the other may be based on other considerations
including ease of scoring and psychometric properties of the scales.
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